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PRESSURE DRAG OF AXISYMMETRIC COWLS HAVING LARGE INITIAL 
LIP ANGLES AT MACH NUMBERS FROM 1.90 TO 4.90 
By Nick E. Samanich 


SUMMARY 

The results of experimental and theoretical data on nine cowls are 
presented to determine the effect of initial lip angle and projected 
frontal area on the cowl pressure drag coefficient at Mach numbers from 
1.90 to 4.90. The experimental drag coefficients were approximated well 
with two-dimensional shock-expansion theory at the lower cowl-projected 
areas, but the difference between theory and experiment increased as the 
cowl area ratio was increased or as shock detachment at the cowl lips 
was approached. An empirical chart is presented, which can be used to 
esti ma te the cowl pressure drag coefficient of cowls approaching an el- 
liptic contour* 


INTRODUCTIONS 

Evaluation of cowl designs for high-speed flight is a necessary 
part of a preliminary performance analysis. Several theoretical ap- 
proaches are available that give satisfactory agreement with experi- 
mental pressure-drag data on unity-mass-flow-ratio cowls for various 
combinations of contours and flow conditions. For example, the linear- 
ized source distribution method gives satisfactory results for slender 
bodies at moderate supersonic speeds, but the error increases with either 
increasing Mach number or increasing surface angle (refs. 1 and 2 ). 

Van Dyke's second-order supersonic flow calculations are limited to con- 
tours with maximum slopes less than 0.94 (M - l) (where M is 

Mach number), which corresponds to surface angles of approximately , 
18°, and 13° at Mach numbers of 2, 3, and 4, respectively (ref. 3). 
two-dimensional shock-expansion method (refs. 4 to 6) neglects the 
three-dimensional effect and the reflection of disturbances originating 
at the surface, which introduces onlv small errors except at large lip 
angles (near shock-detachment values). Another possible way to predict 
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cowl drags theoretically is with the use of the method of characteris- 
tics, hut this solution is quite tedious and time consuming and requires 
modifications when detached shock waves exist (ref. 7). A review of 
various existing theories appears to indicate a definite need for em- 
pirical cowl-pressure-drag data in the area of lip angles near shock- 
detachment values, where most of the methods yield the greatest devia- 
tions from the exact values. 

In view of the items discussed previously and the lack of sufficient 
experimental data, a wind-tunnel test program was initiated at the NACA 
Lewis laboratory. An investigation of existing cowl designs indicated 
that an elliptic contour closely approximated the majority of shapes 
examined. A family of nine elliptically contoured cowls was designed, 
therefore, which incorporated large initial lip angles and various pro- 
jected areas. Measured cowl pressure drags in the Mach 2.0 to 5.0 range 
were compared with values obtained with two-dimensional shock-expansion 
theory. This theory was chosen because it is readily adaptable to 
preliminary-type analysis calculations. 


APPARATUS 

The contours from the lip to the maximum 6-inch-diameter section 
(fig. l) of the steel models were defined by portions of ellipses, which 
were tangent at the semiminor axis to the constant diameter portion of 
the cowls. The aspect ratio of the ellipses was varied to give initial 
nominal lip angles of 20°, 28°, and 34° with projected areas of 20, 35, 
and 50 percent of the maximum frontal area. The final cowl coordinates 
x and y r of the family of cowls tested are listed in table I. Static- 
pressure orifices were located externally on the cowls at longitudinal 
positions from 0.060 inch aft of the lip to the constant -diameter sec- 
tion. The internal contour of the cowls was a straight diverging taper 
from the cowl lip to the cowl exit. All of the cowls had sharp lips with 
maximum radii of 0.0025 inch. Scaled drawings of the external contours 
are shown in figure 1 and photographs of three typical models are pre- 
sented in figure 2. The models were strut supported and tested in sev- 
eral of the Lewis laboratory small supersonic wind tunnels at zero angle 
of attack. The Reynolds number was held relatively constant at each 
Mach number and had values of 5.2x10$, 6.1 X 10$, 4.9x10$, l.l x 10$, and 
4.4x10$ per foot at the respective free-stream Mach numbers of 1.98, 

2.47, 2.94, 3.88, and 4.90. 


RESULTS AND DISCUSSION 

The experimental surface pressure coefficients are listed as a func- 
tion of axial distance from the lip in table II. Figure 3 is a represen- 
tative plot showing the longitudinal pressure distribution for both the 
experimental and theoretical results of the 34° initial lip angle cowls 
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at a Mach number of 3.88. The experimental pressure distributions are 
closely approximated by shock-expansion theory at the smaller projected 
areas but deviate progressively as the projected cowl areas are increased. 

The experimental pressures were integrated over the cowl surfaces 
and the resultant drag coefficients, based on the maximum cross-sectional 
area, were compared with values calculated using two-dimensional shock- 
expansion theory in all cases where attached shock waves existed. No 
attempt was made to calculate theoretical drag coefficients when detached 
waves existed at the cowl lip, but estimates can be made with the aid of 
reference 8* 

Figures 4, 5, and 6 show the effects of lip angle, projected cowl 
area, and Mach number on the cowl pressure drag coefficients. The theo- 
retical results are shown only for attached-shock conditions at the lip. 
While the empirical data are approximated rather well with shock- 
expansion theory at the lower projected cowl areas, the deviation between 
theory and experiment became increasingly greater as the area ratio was 
increased. This deviation with increasing area ratio can be attributed 
to the greater variation in radius (a larger three-dimensional effect). 

In several instances, the theoretical results indicated a rather sharp 
rise in drag as the shock-detachment value was approached at the lip, but 
the experimental data, in general, revealed no abrupt changes when theo- 
retical shock detachment had been attained at the lip. The cowl family 
tested maintained the initial lip angle for only a small distance (less 
than 0.1 in.), which caused only a small portion of the cowl-lip shock 
wave to detach at the predicted shock-detachment Mach numbers. This 
detail can be seen in the schlieren photographs in figure 7 where shock 
detachment at the lip was not apparent until Mach numbers substantially 
lower than theoretically predicted (Mach 2.95) had been reached. 

Although no data are presented, several of the cowls were investi- 
gated at two Reynolds numbers at Mach 2.94. A small effect was noted, 
which resulted in drag coefficients 3 to 5 percent higher for the cowls 
tested at a Reynolds number of 2.5*10 6 as compared with those tested at 
4.9*10^ per foot. 

The experimental data are combined in figure 8 as an empirical chart 
for use in estimating the cowl- pressure-drag coefficient of cowls approx- 
imating or having an elliptic external contour. The use of the chart is 
illustrated by the arrows in figure 8. For example, the cowl pressure 
drag coefficient at Mach 3.4 of an elliptically contoured cowl, having a 
cowl projected area which is 20 percent of the total frontal area and 
an initial lip angle of 34°, is approximately 0.096. 
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CONCLUDING REMARKS 

The cowl pressure drag coefficients were approximated well with two- 
dimensional shock-expansion theory at the lower projected cowl areas , hut 
the deviation between theory and experiment increased as the projected 
cowl area ratio was increased or as shock detachment at the cowl lip was 
approached. An empirical chart was developed from the experimental data 
for estimating the pressure drags of cowls having or approximating ellip- 
tic external contours. 


Lewis Research Center 

National Aeronautics and Space Administration 
Cleveland, Ohio, September 4, 1958 
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TABLE I. - COWL COORDINATES 



5.50 2.968 

6.00 2.990 

6.50 2.999 









External radius , in . 
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Axial distance aft of lip, in. 
Figure 1. - Scale drawings of cowls. 
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(a) Cowl 7. 



(t)) Cowl 8. 



(c) Cowl 9. 

Figure 2. - Cowls 7 > and 9. 
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Cowl pressure drag coefficient based on maximum cross-sectional area 
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Kx ter rial lip article, 

(e) Freo-st roam Mach number. 

Figure 4. - Concluded. Kf'f'ec* oi 1 lip an.-lr or 
coo f’f i e I ent. . 








Cowl pressure drag coefficient based on maximum cross-sectional area 
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area. 0.20. 



(b) Ratio of projected cowl area to maximum cross-sectional 
area, 0.35. 



(c) Ratio of projected cowl area to maximum cross-sectional 
area, 0.50. 

Figure 6. - Effect of Mach number on cowl pressure drag 
coefficient . 
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